22 H20-II crystallizes in space group P f, with a 6.937(3), b = 6.932(3), c = 16.132(5)A, a = 82.15(3), f3 = 89.72(3), y 119.49(3) , Z = 1. The structure was solved (direct methods) and refined anisotropically (least squares) to R = 0.042, using 1826 observed reflections measured on a single-crystal diffractometer (MoKa radiation). All hydrogen atoms were located from difference maps and included in the refinement.
Introduction
In the frame of a structural research on hydrogen bonding in crystalline oxysalts, the compound Mg3(P04h' 22 H20 has been considered, as a member of the family of hydrates characterized by a z/xn ratio (= number of water molecules/number of cations x coordination number) greater than one. The following hydrated crystals of this type have been studied structurally till now: MgS04.7H20
(epsomite) (Baur, 1964b) , FeS04' 7 H20 (melanterite) (Baur, 1964a) , Al(N03h' 9 H20 (Herpin and Sudarsanan, 1965) , AI2(S04h' 17 H20 (alunogen) (Menchetti and Sabelli, 1974) ,CrH(S04h . 7 H20 (Gustafsson, Lundgren, and Olovsson, 1977) and Fe(N03h . 9 H20 (Hair and Beattie, 1977) . All these structures show fully hydrated hexacoordinated cations, without sharing of H20 molecules between M(H20)6 coordination polyhedra; the excess water molecules are 54 accomodated as "lattice water" hydrogen bonded to the polyhedra and to the oxyanions. This structural type was calIed "AI" by Wells (1975) in his classification of hydrates; in principle, however, other structural types might be observed in hydrates with z/xn > 1, e.g. with condensation of M(HZO)n polyhedra and more lattice water molecules. A purpose of the present work is to check the observed rule that alI the hydrates with stoichiometric excess water crystallize in the AI structural type.
When the present crystal structure had already been solved and refined, the authors learnt of a structural paper on the same type of compound (Schroeder, Mathew, and Brown, 1978) . After examining them carefully, it was concluded that the two structures, though partly similar, belonged to different crystal phases of the same compound related by polytypism, since the essential difference was found in the orientation of layers. As distinct symbols cannot be assigned to the two polytypes according to the classification suggested by Bailey (1977) , we propose to calI Mg3(P04h .22 HzO-I that studied by Schroeder et aI. (1978) , and Mg3(P04h. 22 HzO-II that studied in the present work.
Experimental and analysis of data
The crystals of Mg3(P04h . 22 HzO were obtained by preparing solutions of NazHP04. 12 HzO (19.4 g in 1000 cm3 of water) and of MgS04 . A powder diffraction pattern was obtained from a Guinier camera (4 mm = 10 0, CuKa radiation) and indexed with the reported celI constants, taking into account the single crystal intensities ( Table 1) . The intensities of 2345 reflections with e :s; 25 were measured on the same single-crystal used for the cell determination, using the following conditions: w scan, Llw = 1.5 ,scanning speed 0.025 s -1 , background time = (scan time/2) (1bkg/1pk) I/Z, attenuating filter inserted for intensities higher than 60000 counts s -1, three reference reflections. A final set of 1826 independent observations was obtained, by removing the reflections with 1< 2 () (1).
M. Catti et al.: Polytypism in MgiP04h . 22 H2O-II 55 Mg (1) 2.13(8) 1.98 (7) 1.26 (7) 1.03(6) -0.15(6) -0.23(6) Mg (2) 1.52(5) The structure was solved by direct methods, using the program Multan (Germain, Main, and Woolfson, 1971) . Statistical tests on the intensities showed clearly the presence of the symmetry centre. All the atoms of the asymmetric unit appeared on the E-map, with one Mg atom on the symmetry centre. The isotropic refinement (least-squares) converged to R = 0.083; by refininganisotropic thermal factors, R = 0.065 was obtained. At this stage, a Fourier difference map revealed all the hydrogen atoms, and a full matrix cycle(unitary weights) with isotropic thermal factors for hydrogen atoms led to R = 0.042. The final atomic fractional coordinates are reported in Tables 2  and 3 , and the anisotropic thermal parameters coefficients of the expression eX P( --4 
Discussion

Description of the structure and hydrogen honding
The crystal structure is built up by coordination octahedra Mg(HzO)6 and tetrahedra P04 and by lattice water molecules, all held together by hydrogen bonding only. Distances and angles of coordination and hydrogen bonds are reported in Tables 5 and 6 , respectively. The polyhedra are arranged on (001) layerswhich are stacked according to the. . . ABB' A . . . scheme (Fig. 1) . The A layer is formed by the Mg (1) 1 octahedra and by the lattice water molecules W(10)and W(10'), and is centrosymmetric; the B layer contains the Mg(2) octahedra, the P04 tetrahedra (at a slightly lower level) and the lattice water W(ll); the B' layer is centrosymmetrically related to B. All three layers are shown in Figure 2 . Because of the values of a, hand y, the polyhedra are arranged on each layer with a rough hexagonal pseudo-symmetry: but, to a better approximation, the Band B' layers are characterized by a pseudomirror plane parallel to [110] and to c*.
Internal cohesion of the A layer is provided by the two hydrogen bonds which W(2') and W(3') donate to W(10), and by the bifurcated hydrogen bond donated by W(10) to W(2) and W(3) (and also by the centrosymmetri- cally related bonds). The peculiar configuration of the last bond is proved by H(19) being nearly equidistant from W(2) and W(3) ( Table 6) , and by the small values of the angles < W(2)-W(10)-W(3) and < W(2)-H(19)-W(3), which are 54.8(1) and 71(1)°respectively. The other hydrogen bonds donated by Wet), W(2), W(3) and W(10) link the A and B layers together; in particular the W(1). . . 0(4) contact (3.250 A long) is at about the distance limit for a significant interaction, even if the bond angles < W(1)-H(2)-0(4) and < W(7)'v -W(1)-0(4) are quite regular for a normal hydrogen bond.
Within the B layer, nine hydrogen bonds donated by the six water molecules of lhe Mg(2) octahedron to the oxygen atoms of the P04 tetrahedron are present, and also the hydrogen bonds which the lattice water (8) 169 (7) 104 (6) W (2)<H (3) ...0(3)' 2.651(4) 109.9(2) 0.87 (6) 1.80 (6) 166 (6) 108 (5) H(4) . . . W(l OY"2. 765 (5) O.76(4) 2.01 (4) 168 (4) W (3)<H (5) .. . 0(2) 2.635( 4) 111.8(2) 0.85 (5) 1.80 (5) 175 (5) 105 (5) H(6) ... W(10')" 2.738 (5) O.79(4) 1.95 (4) 175 (4) W (4)<H (7) ...0 (1) (4) 170 (4) W (5)<H(9) ...0(1)" 2.633(4) 112.2(2) 0.92 (6) 1.73 (6) 170 (6) 107 (5) H(10) ... W(11')VI 2.775 (4) 0.76(4) 2.02 (4) 173 (5) W (6) (4) 173 (4) 110 (5) H(12) ...0(2)'" 2.657(4) 0.93 (6) 1.73 (6) 175 (5) W (7)<H (13) ...0(2) 2.661(4) 112.6 (1) 0.87 (6) 1.80 (6) 174 (5) 111 (5) H(14) ...0(4)" 2.730(5) 0.81(4) 1.93 (4) 169 (4) W (8) (4) 174 (4) W (9)<H (17) '" 0(4)'" 2.655 (4) 112.3 (1) 0.90(4) 1.76 (4) 174 ( 4) 106 (4) (5) 145 (5) 108 ( 
. W(S).
A key role is played by the two lattice water molecules in determining the stability of the structure, since they provide both the internal cohesion of the A and B layers, and the A . . Band B . . B' linking. W(l 0) is tied to three water molecules and an oxygen atom, whereas W(11) forms all its four hydrogen bonds with H20 molecules, and behaves then as "ice-like" water. However, some distortion is observed with respect to the bonding configuration in ice phases stable at room pressure, since the two hydrogen bonds donated by W(11) are substantially longer than the values 2.75 -2.S0 A typical of those cases (Franks, 1972) , and besides they show a very small A . . . D. . . A' angle (7S.5 0). This unusual value cannot be accounted for by the acceptors forming an edge of coordination polyhedron, as it occurs in other cases (Catti, 1979) .
Hydrogen bonds of the type W . . . 0 range from 2.606 to 2.730 A oflength [with the exception of W(1)... 0(4)] and are then short and strong, while those of type W. . . Ware longer (2.73S -3.176 A). The bonding between B and B' layers seems to be a little weaker than between A and B, as it is provided by medium-strength W. . . W bonds (2.775 and 2.S02 A).
Comparison with the structure of Mg3(P04)2
.22 H20-1
In order to compare the structures of phase II and I, the unit cell of the latter (Schroeder, Mathew and Brown, 1975) should be transformed according to Table 2 are close to the corresponding ones of phase II, using the same atomic symbols. Very similarz values, but fairly different x and y coordinates are shown by atoms of the two asymmetric units; this discrepancy is related to the differences in the rJ. and fJ angles, so that with respect to (a, b, c*) reference systems the corresponding atoms would show quite similar x and y values as well. Both phases are then characterized by practically isostructural double layers AB (forsmall differences in the B layers, cf. below); but because of the different a andfJangles the symmetry centres at z = i are rather shifted in the two cases Slightly different mirror-related configurations, however, are observed also for the B layers. As for the P tetrahedron, the pseudo-mirror operation, which transforms the II polytype into I, exchanges 0(2) with 0(4), causing the P-0(4) bond to lengthen from 1.536 to 1.546A; also the W(l).. .0(4) contact lengthens from 3.258 to 3.421 A, which becomes too long a distance for a hydrogen bond. In the Mg (2) 
Conclusions
The structures of the two poly types of Mg3(P04h . 22 H20 confirm two important crystal-chemical observations:
(i) Mg2 + and other hexacoordinated cations of similar ionic radius prefer the M(H20)6 configuration, when there are enough water molecules for all cations; (ii) the fully hydrated coordination polyhedra are normally isolated with no sharing between vertices, edges of faces, both when z/xn > 1 (AI structural type, with excess lattice water) and when z/xn = 1 (All type, no lattice water). In both AI and All structures the polyhedra are usually arranged on layers, which often show a pseudo-hexagonal symmetry as in the salt studied here: cf. Zn(CI04h . 6 H20 (Ghosh and Ray, 1977) and Na2HP04. 12 H20 (Catti, Ferraris, and Ivaldi, 1978) ; in several cases the layer symmetry is exactly hexagonal, as in MgS03' 6 H20 (Flack, 1973) , Sm(Br03h" 9 H20 (Sikka, 1969) , NaAI(S04h .12 H20 (Cromer, Kay, and Larson, 1967) , AI(I03hN03' 6H20 (Cradwick and de Endredy, 1975 ) and AIH2(I03k6H20 (Cradwick and de Endredy, 1977) . Probably, the hydrogen bonding configuration is optimized by this type of polyhedra packing.
Since they show layer structures so frequently, the hydrates of this class are likely to be affected by polytypism more commonly than is realized. In the 
